Abstract: Superstrate thin-film silicon triple-junction solar cells on 2-D gratings were optimized using opto-electrical modeling. Tuning the thickness of intermediate and back reflectors and the band gap of the middle cell resulted in 17% initial efficiency.
). The investigated triple junction solar cells had the following structure: glass-based textured substrate coated with a thin film of In 2 O 3 :H (IOH) [2] on which three p-i-n junctions were stacked on top of each other with a-Si:H, a-SiGe:H, and nc-Si:H absorber layers, respectively. The rear side was completed with ZnO/Ag reflector/electrode. SiO x films (n SiOx = 2.1 at 770 nm) were used as n-type layer for the top and middle component cells and as intermediate reflectors (IR1 and IR2, respectively) at the same time. Optical simulations were carried out with 3-D finite element method package (HFSS) [1] . The calculated optical generation rate was used as input for optoelectrical simulations carried out by the ASA software.
We carried out optimization of the current-matched solar cell structure in order to achieve a higher J PH-TOT with respect to the specified target. The results of the optimization are reported in Fig. 1 . We tuned (i) the thickness of intermediate and back reflectors (series 1-3), (ii) the thickness of front IOH and top p-layer (series 4), and (iii) the pyramid shape (series 5-8). In order to obtain current-matching after changing the band gap of a-SiGe:H absorber layer, we varied the thickness of absorber layers (series 9 and 10). We found two structures (denoted #2 and #3) fulfilling our requirements and their details are reported in Fig. 1 . We show in Fig. 2 that using our light trapping scheme in a single junction nc-Si:H solar cell (i nc-Si:H = 2.8 μm) the absorption limit predicted by 4n 2 enhancement using ideal scattering is approached. In Fig. 3 the spectral absorption rate profile in the triple-junction cell is shown. From these absorption rate profiles the optical generation rates were calculated and used in electrical simulations. Modeling enables us to visualize the spatial distribution of the magnitude of electric field inside the complete cell at different wavelengths that helps us to study the contribution of the textured back contact to scattering (see Fig. 4 ). Analysis of the total reflectance and absorptance in absorber and supporting layers guides us in further optimization of triple junction devices (see Fig. 5 ).
To evaluate external parameters from electrical simulations we used structures #2 and #3 in both current-matched and current-mismatched conditions. The latter was achieved by using not-optimized thicknesses for IR's and back ZnO. The fill factor was found to be higher for thinner and mismatched structures, while the open circuit voltage resulted slightly higher only for thinner structures. An interplay between short circuit current density and fill factor occurred in case of structures #3, for which the current-mismatched structure presented slightly higher efficiency. Current matched thin (thick) design resulted in 16.3% (17.1%) potential initial efficiency. 
